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L. Sntroduckion, 


The series oF tests deseribed mn this thesis was 
undertone uth the hepe oF obtoimimg Some inkereaimg, 
and woluiable dota Lon. chs phe ck of Ogre on won- 
enetke im Compression. the fork tour years a or cot 

terts howe Leen made of the eran Ay ct HLinois 
GSaperiment Station on smoll eonurrte teat pies. 
such ob cubes and eylimosrd to a 
and on columns to stady the affect of richness of mixture, 
per cert of steel and muthod of reinforcing but dnp to 
the pacdemt UAtRe hak Been made on the efleck 
of O.ge. On eomensthe coluums, St urar Kherstore onmmomged 
to teak a mumurben of Comencke celumnds urhioh ume made 
=p im the toLorotow, m 1901 amd 1908 and to compar 
the nepults urith the acbults of shork Kirur tests mads by 
Sstniors im 1901 and 1908. The short Lune tel columns 
oma Khe Rong Kime test columns ume mada ak the 


Same Lime. 


* I. Maternroals 
The moterials used for the tests did not Aiffer, 
from those used m oud in og proskice. The sand, stone 
and Che AR cement wear all purchased inthe open mar- | 
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2 
Keak, buk Khe Universal coment wor furnished for there tests 
by the roto hunwr. 
Stone. the stons was rushed Limestone from Hanare Htinois. | 
HN wor oridened to poss through ad-inch, and overaly-inch 
srreen, H eontarined 50 pur exnt of Voids, meobhunred by pouring 
the stone SLourty into uraten to cbvictke the rckenkion | 


of QUT 
Table 4 


Mechanical Analysis of Stone 


-Series 1907 
Sige of Mesh) Pern cent | Siseof Mesh! Per cent 


inches | Passing inches | Passing 


Sand. She sand wear of qood Quality sharpyanad 
fairky eran yamnd came from the Wabash river On avnage 
of 5S doterminolions showedit lo contain 28 per cent 
of woids. (See table W) 

Cement. W- -wost ot the eolumns Chicago FA Portland 
cemonk wort Used , but inate Univenrsak Cement 
uras used, The fetlouring Koi ker qinre the strength 
of Stamdord bricquslles of mek Cenroukt oud 
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3 
of 133 montor for ager ot Tama28 Aoys and oldSo the 


Mechonicoal Frruoky Ars ot the Cememis. 
Table I 
Tensile Strength of Coment 


© Ultermete Strength, Ib. per sq. un. 


Chicage AR Cement | Universal Cement 


Age Tdays age 2Bdays | Age Tdays |Age 28d ays 


AN: | 692 | 188 86 287 | 701 | 239 | 788 | 309 
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treble Lt 


Mechanical Amalysis of Cenqent 


TA | 98.6 | 96.4] 74 |599.3 | 98.2 


100 | 96.2 |] 91.2 | $00 | 98.5 | 75.0 


200 | 80.9 | 69.8 | 200 | 90.1 | 80.0 


Table WV 
Mechantcalfinalysis of Sand 


s me pasties Percent Passt ng 
Sine. 
No, inches 
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oncrele. Men aceristoaned to mixing concrek and moxing 
tect Specimens Ww ump hoyed im the urnk, Cane was torcere 
im mrdsuring, mixing, awd Tommping to secunras uniforwt 


a tomanrte as possiste. PRL mrckaniols were Proportion ed 


by Loose orlumr, and weights wen taken as achecK on 


the meobiunemets, The wArting uras done urith shovels by hand. | 
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She Sand and cement wee dinst mind dry, the stonewhich 
haa preriously been thrcosrgh by motrkened, wor adoed and 
the mrass then Aunned until of a unifoun appraromes .Worler urad 
then added im such propotion ar to give a fointy unt mixture, | 
The mass urab ants Kunnsok until thromghty neued. 


I Sest Specimens 

An effort wor made to howe the conditions of fabrication 
ot eet bork ve as Aiecakca® amriform OS 
posrivk. Usrolly , the tert colwins wene made in sets of Three. 
Individual estumns of a given set were made at different cates 
throughout the season, the prrpose keimg to mod columns of 
different sets at the sane time and thus dishibute accidental 
youations of fabrication over a monkey of arts. To Grave OL 
cheek Keat on the qpolity of the eomershe, 12-(n. cubes, b-in.cubss, 
and. 8xlb-in. cykinel ors wear made Un Many codes frome 
the boateh dor a eluwmn. The I2-in. cubes wert made in sets 
of kuro, and the 6-in.cubes in sets of three. The nmictore verre 
from I-14-3 Ko 1-4-8, by for the Longest number being of 
1-2-4 pwerctonre. 
Plain Concrete Columns. The conenrete for each column and 
for the corrsapouding cubes anc cylinders was mizad in 
onr hokeh. The fon wor set up on a catt-r0oMm bare plate, 
14-un.x I4n.x 1Y4 in. uthieh Wad planed on both sides Qna 
Sued Obs a Kroning proke in the column test.n mrourring 
the phon eonmekle evlurins the foams werr huilt up in 2gft, 
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sections ,each section being filled hoefore the next was addled. 
She connedle wor pur iM ENE: ot abeut 6-in. and Tamped ou 
churned until woter flushed to the top. 

Cubes. She whos wen made in two sigzs, l2-in. and 6-in. These cubes 
wert intended to aid im Gqudging the qpolity of the connate ALA We 
conerpondingly nunbened columns. The connele fon the exrkes urads 
tonen from the nuiddle wf the hotel for Ye coverpondinglyy numbered 
colkmns anol urar Hhroweht to he aie ee eee eonenrele ava 
well Kounypad in the foams ound Spaded oroumd theedaets to 
INSAL a good SUrfore. 


Cylinders. The eyfinders wens al® 8-in. in dlamefer and |6-in. 


high. Sheconnete wobd selecked and Tanypec in the Same wo 
as for the cuker. 

Forms. She forms for the eolumns were made ef 2-in.pine-plank, 
planed on both sidet. drawings of thefoams forthe I2-in. 
columns ont Shown im Fig.d and Fig.2, which ane olso typical 
of the forms of tu I-in.cofumns. Thur sider of the forms were 
mode of conhimuaud firerd for the full hight of the column , 
urhile Hur fourth Sida woh made up of 2st. Lengths. The foams 
wens held togethunr urith broaeed of 2-in.x Ain. oiterd and $ -in. 
belts. Wedoer wear used to adjust the foom Ko the correct wicl MH. 
and to hold if while the emnsle wor pat im St will be noticed 
that ol pants ot the forms ore reverkible, So that the sides com 


be tanned over ip hsp foreonme uron aad through USe2 : Shrnws 


forms Cneh WAL mode for the 9-tn. and the 12-tn -cokuwmns, 


this number bring suffi rent to allow the fous to 1nezmatn ow | 
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the columns cahkoat two weexrs forloar Reing healed Lon Other 


sa, aps VARns. 


o4 the esting room of the Lot ovatony of Fhpplicd Mechanres and 

usually mmoamed whe mode until time of the test Informs 

were Kogan off ten cays after moxing and thereafterth 2 columns wert 
Sprimiled unth woler twree Aoiky until they were testiodl. 

The tenypanotune of He aoom varied Jr 55° to l0°F. The !2-in. 

cubes were sired im the open OE of the Same cos, The 6-in, 

cubes and cylinders Lent storsd nr Ee Sanco, 


TY Details of Jest. 

Jesting Machine Used, The machine used in Testing the eokknans 
was a Richt? vevticol sereaur machine writ a coppactty of 600000 | 
pounds. Bacauds of is derign the machine ras admirably adapted 
to coming on the teats deseribed here. The venticol senses are 
Sbinches apart, and a qurcle Frame prrvents ang RokervoatL 
movement of the headk.The machine had 6 Speeds, of uhiok. 

only the slourest, OSinches per minute wad used in theactests. 

The ewtindars wear trotted on a 100,000-1b. Richtee testing machine, 
The slowest speadl of the maachtne, Od inches per nunule » was 

Used for the Tosts. 

Measuring Devices. The shoatent ng ov Longitudinal Arfor mations 
of the columns wee neod by WALONS of om extensometer eA preially 


Aervrised for there tests,.see Fig. M. The extenSomtins were So 


at a ad To indicate the deformation im the center of | 
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Yoke- Elevation 
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gach foes of the column. The dials wee onan g ok mn Pons, 
those on opposite faces ot the cohuvin being onthe Some gor. 
The yoreb Wert fastened tothe cobuwuin by wirams of foun contact 
proimts sture on rach opposite. face. There contact pounts were J-in. 
aponrt Soa the 12-in. and b-inehes apart Sor the J-n.columins 
Orch wert placed Symmdbricolly, uth aged to Hu eantyrouL 
Dine of the calumn. She two Mores CONMLNG the dials were 
plozed obout Sinches apart at the bottom of the eolimn ; 
mrvile Hi worried Conmaing are oe cnet oAKoambonroton 
Bors Wire placed mM a Var hon prorikion at Aro Top ory 
tHe column. The qoustd herrath UCL S usually lO0inches for 
l0Ft.columns and SOQinches for the Squaw columns. Jhe dials, 
which were +#/2 inches in diameter, wack to ten- thousands 


of om inch. Suro men wert mngagud in Towing the veadings. 
Conduct of Fest. mn the test three men wow tploye .0 mumbir 
of the ao Station staff opuoted the machine and he 
tuo men on this thesis czad the ettembountyrs. The eclensometers 
on he opposite fores ok ths columns were arad at Ht tore 
tina. An electric boll Signal wor given hy Hur won oprrating 
the noehine Sotrat Me loads and extentowrtns woracoid 
Simadtansomshy. Thy Loads wer applied in Cnenswents of 10000 to 
25.000 Ib. and Hie wodings WeAL wrolhiy Toman about ISseconds 
often the machine had Stopped vrunnd ng urich Kime Uror% 
neq rtred To balance the hear. The evhnSonutlirs were mM Source 
COLS Lolt on Hr column until foituae and in Some were Taxon 


otf he Foilmrrand then the load ee meek a 


it wi o 6 ; ‘- 
ees. a i ea 
ea a Fh a A a le 
i 
N A | a 
~siidoo id te, sae One 
\ 7 1 ne | 
: ' : ee 
. % a os 
‘ 4 i. ooh DAPasi A»> Pn 
ns pan & wo 
{ ‘ . . wy - 
a 
. ) r ", okey Mt 
| J ae. 
Lee e uphens any 
TAPS a C D 
. iA 
Se 4 ‘ 7 
; ¥ | A 
3 AGA i, J brad’ loo RAD VES pte BR 
OOD DLN Db AG ANSTO 
nn” C =) 


O bserved and Computed 
Dracter 


See a ed = 
a ee a ep | ame ie 


i 
‘ o j ett 
» <o 

z =) S64 .%& 


bhotvarrtdd Laren ha wedQ hk 


peta! _, Mme 


= 
~ 
a 
’ % 
4 
‘ 
" 
ou’ 
i 
’ # &@ 


Length 


Column 6059 


64t.0inches 


Gauge Bengtiy, 4. - 5 Oriches 


Cross Section ~__ 12x I2inches 


Le oecl 


Pounds 


6100 
20100 
41500 
61100 
BIS OO 
Lo ie OR) 
126600 
1SZOOO 
116800 
202000 
225800 
251200 
211200 
300100 


I2Z6300 


350500 


Observed Data 


Mcoxture 


pai 2 


Age when tested G1Odays 


Cement-Chicage AA 


Extensotmeter Readings 


N.W. 
+0,0005 
O.001S 
0.0028 
0.003S 
0,00S3 
0.0065 
0.0088 
0.0100 
0.0120 
0.0148 
O.01S S 
90,0180 
0.0208 


0.0225 


2S oe 
_o 
0.0007 
0.0024 
0.0039 
0.00SI 
0.006S 
0.008 | 
0.0100 
O.OIIl4 
0.0133 
Gils" 
0.0j/10 
6,01'9)| 


0.0208 


O;02S5S 0,023.0 
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9:0 5512: 
0.0423 
O10)52_ 23 
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Com pute ch Data 


Unit Load Unct 


Ib./sq inch Defor mation 


16.4 
Ye) 
S46 
ai 
694 
836 
I65 
1Oo4 
J236 
1366 
1419 
1346 


PotD: 


+0.000006 
0,0000 1 
0.00019 
0,0003\| 
0.00046 
0.000S8 
0.000T2 
0.0008T 
0.00109 
0.00139 
OSOONT 22 
0,00 211 


0,00296 
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Column 8064 
Length _. O6ft. 0% inches 
Gauge length - --5Q inches 
Cross Seclion__- J2xl2Zinches 
Observed Data 
loack: E xtensomeber Readings Unit Load 
Pounds NW. See SW. NCES 
7100 = -0,0002 Q -0.00)0 @) 
25500 0.000S 0.0015 OrO'O12= O.0 0 
SI200 0.0026 0.0044 00,0045 Q.003I 
71000 0.0035) 0.0074 0.0075 0.0055 
lol 100 0.0015 0.0105 0.0107 0.0084 
[25100 Q.01I02 0.0134 0.0140 0.0118 
151 000 0.0139 Osis O00" 70.0150 
ITS400 0.0112 Goze “0.0215 Q.0159 
200000 O,0225 0.0216 0.0265 070250 
219500 0.0554 Q.03987 0,0384 0,0390 
194000 
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Misture 1-2-4 


J ge whentesled 641 days 


Cement- Chicage FAA 


Com p uted Data 


Unit 


Ib/sq.inch. Deformation 


53.4 
at 
B55) 
SoS) 
103 
874 
JQ471 
127 
roe 
IS) Pts 
154 Tt 


-0,0000(2 
0.00006 
0.00016 
0.00021 
0.00038 
0.00051 
0.00065 
0.0008| 
0.00103 


0.00153 
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Column 8029 


Bergth.-- lOft, Otnches |-2-4 


Age when tested 6bIdays 


Mixture 
Gauge length ~.. 100tnches 


Dioyieter.-. _ 19.24inches Cement- Chicago AR 


Qbserved Data Caniaputed Data 


load 
Pounds 


E xtensometer Heading Ss 


UnitlLoad Unit 


En See = S.W. N.E. — Ib,/sq.unch. Deformation 


1890 
20500 
40500 
59100 
19600 
100400 
119800 
139100 
159 S500 
199 S00 
178000 
200000 
216500 


218000 


0.0000 
0.0015 
0.0050 
0.00935 
0.0134 
0.018| 
0.0228 
0.0284 
0.0348 
0.0356 
0.0430 
0.0S14 
0.06S2: 


00,0184 
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0.0024 

0.0045 
0,0080 
G,O11g 
0.0168 
0.0214 
0.0267 
0,0324 
0.0328 
0.0400 
0.0418 
0.0S94 
0.0733 


fe) 
0.0022 
0.00Sh 
0.0086 
0.0120 
0.01S9 
0.0200 
0.0253 
0,0310 
0.0319 
O03] Ss: 
0.0452 
G,OSSS 


0.0642 


0) 
0.0013 
0.0052 
0.0097 
O.0I4S 
0,0199 
0,02S56 
O20'52 Si 
0.0396 
0.0408 
0.0485 
0.0600 
0.0190 


0.1042 
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350 

loz 0 
iS: Si 
1360 
1360 
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JTOO 
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1856 
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0.00004 
0.00010 
0.00018 
0.00026 
0.00035 
0.0004S 
0.00056 
0.00069 
0,.000TI 
0.00085 
0,00/0Z 
0,00129 
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Colurmn 8068 


Length 2 ea 64t-0% inches Mixture |-2-4 


Gauge Length IVinches Age when tested 69| days 


Cross-Section _~_ ~12x12- inches Ceiment- Chicag ° ft A 


Observed Data Computed Data 


loack Unit Load Unit 


Extensometer Readings 


Pounds NW. SE: S.W, NOE. Ib./sq. inch Deformation 


8100 re) -0O,001I0 -0.000S +0.002S 5b +0,00001 


25900 0,00!10 ~0.000$+0.0005 06,0033 "19 +0.00003 


32000 0O.002t +0,001I2% 0O.002S 90.0048 361 0.00007 


TESQ0O0 
JO1000 
126500 
152000 
IT6BOO 
ZIO0O0 
2307100 
250500 
275300 
300200 
325000 
350000 
352000 


260 000 


0.0038 
0.0041 
0.0060 
0.00TS 
0.0098 
0.0130 
0.0150 
0.016S 
0.0190 
0.0220 
00,0256 
0.0314 


0.060S 


0.0030 
0,0047 
0.0063 
0.0078 
0.009S 
0-.01LS 
0.0154 
0.01S6 
0.0183 
0.02195 
0,02S0 
0.03SS 


0.004 ( 
0.0060 
0.008 |f- 
0.0096 
O.O1L | 
0.013) 
0.014S 
0.0160 
0.0182 
0.02049 
0.0246 
0.0310 


0,060S0 


0.00SS 
0.0064 
0.0078 
0.0093 
O.O0lll 
O.01I4S 
0.016S 
O,0!18T 
OOPS 
0.02S7 
0,030S 
0.0410 


00,0468 


33 

TOL 

819 

joss 

i227 

1463 
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0.00027 

0.000393 
0.0004 | 

0.0005 | 
0.000S8 
0.00066 
0.00016 
0.00084 
0.001I0S 


0.00138 


G44S5S 0.00218 


i ee 


#a7ion) Sis 21 2. n >" 


wtp 


= +. T> ry 


Wir 
pips -O- 
r 400 
; >. 
1600.6 
35.0 
r) 
C * 
(oO.C 
*| 
= 
f, Tt . 


EAS rreceutn A 


eanoni S0nte SA? 


zartani0t so me \ 


dpeovivedV 


2000 U- 


Figo,.o 4 


0 £80 .O 


TACO. 


OG3G.0 


ZVeto.0 


Sata 


oans?aZ 


? 
~ 


— 
v 


ig 


is 
Le 


_ 
4 
Vy 


ore 


1260 : 


o€10.0 
Geto.0 
@a10.0 
OF 10,6 
OL20.0 68 
3229.0 008 : 
¥f20,9 0006 


2000.04 


a hee ae 


an 
S386 Paes 


B28 ae 

BE BESeR BUSS AER Bees eee 

SE0 SHOG8 RHEE SURES CRASS Sees Sees Cees 
A865 Gencee am & TESTE aee 


Wi 


teen | 


BUH Fr 
7 ' i 4 
oem by on Al, 


; d Si 
Pll Wr} 4 
ine ees ¥ 
i i) oh f a 


ia 
Peers ih 


34 


Column 1/69 
Length Doe » JOR:O tnehes Mixture 1-2-4 
Gauge Length - -- 100tnches Age wheniested: 9 6 days 
Diameler — —~_-. J24 inches Cement. Chicago AA 


Observed Data Computed Data 


SS ee 


Bote ts Ol E xtensometer Keaclings Unit Load © Unit 
Pounds NW. SRE. SN. Nee Ib. /sq.utnch Deforimalton 
10000 +0.000S5 O -0.0010 e) 84.1 -0.00000%3 
ees O90 90,0029 0.0025 0.0022. 0.0028 LZi4 0.0000S 
: 25300 
325200 0,004! 0.003% 0.0023 0.0046 Zibb 0.00001 
45000 0.0089 0,001% 0.00649 90.00SS 3835 0.00014 
con 0.0079S 0.0080 0.006% 0.00S6 380 0.00015 
43100 0.0092. d.008©O 98.0010 0.00S7T 50) | O,0000Si 
65000 0.01S2 0.0127 0.0829 0.0100 WS) O,000 25° 
| Geeoe) 6.0ISS 0.0171 0.012 1 0.0100 S41 0.00025 
e2200 G.0ISS 0,012.1 0.0128 0.010 { S21) (C.000 2S 
62500 00,0205 O,011T2 0.0182 0.014%, 100 90.0003S 
SrcOo 0.0210 0.01794 0.01835 O.01I42 681 0,0003S 
74500 90.0205 0.01127 O0.01I8S O0.0I4S GGs | O,0005S, 
103000 0.0210 0.09255 0.0261 0.0145 $13 0.00046 
som 0.0280 0.0245 0.0266 0,01I¢4¢S 8S3 0.00041 
9100 0.0215 0.0247 00,0261 0.01I4S 831 0.00047 
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0.4 Pi’ r210.0 £2000 | | 
s F230 P210.0 2d) 
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Gj r*1O.C erry: ZTi0.G 2636.6 
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Load 
Pounds 
120000 
1({1600 
Lis s0O0 
[38 100 
134000 
130500 
145000 
{140000 
{37600 


10 Q00 


a 4st 


K 
C8 load was vead I§ seconds later 
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Column 169 continved 


Extensometer Reade ngs 


NW. 
0.0545 
0.03S°O 
0.0350 
0.0455 
0.0472 
0.04712 
0.0SSS 
0.0562, 
G,OS 712 


0.0ZTO 


Die: 
0.0290 
(CMON Bs eg 
0.028 7] 
GOSS 8 
0.0360 
0.0360 
0.039S 
OO S91 
0.0400 


0.0125 
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Ono SS 
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D0-S TO 
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lb./sq, crcl Deformation 
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Load was vead at tinhtant of throwing (aver Xo stop machine 


aftay | at veading 
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0.000S14 
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0.000S49 
0.000717 
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0.000T8 
0,00090 
G.00070O 
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Length - . ae 


Column 


lOSt. 25inches 


Gauge Eemgih.-_- #00 tniches 


Diameter __ __ — 


Load 
Pounds 
10000 
2S000 
45900 
65500 
&8S200 
100200 
1tSSQQ 
135020:0 
144900 
ISSSOO 
17400Q 
1883800 
ZOSO000 
215000 


222000 


16.09inches 


Observed Data 


l66 


Mixture 


\-2-4 


Age when tesled IFldays 


Cement = Chicago J Rt 


Extensometer Readings 


N.W. 


2) aa 
re) 
0.0006 
0.0066 
0.0073 
0:009'S 
0.0120 
0.0ISS 
0.01671 
0.0238 


0.0238 


SW. 
-0.0009 
0.0020 
0.0082 
0.0099 
0.0137 
0.0110 
0.0205 
0.0240 
0.0218 
0.0320 
0.0362 
0.0415 
0.0485 


0.0S712 


N.E. 

ro) 
0.0028 
O.006S 
0.0106 
0.0140 
QO.0O172 
O70 LOZ: 
0.0243 
0.02714 
0.0313 
0.0354 
0.039S 
00,0456 


0.0523 


Com puted Dater 


Unit Load Unit 


\b./sq.inch. Deformation 


36 


217 


395 


-0,000009 
0.00004 
0.00015 
0.00020 

0.00026 
0.00033 
0.00040 
0.00046 
OIE 
0,0006| 
0.00068 
0.00082 
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Column 166 


Mixture 1-2-4 
Age whentested ID days 
Maxtmum Load? 222000 Th, 


ah 
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Unit. Deformation 
0.0002 10004  .0006 .000% O01 00%, HOw 00(6 00} 00% 009% 0 g4 


Column 8075 


Length ____ 644.05 inches 


Qauge Length --- 50 tnches 


Cross-Section — __ I2xf2inches 


lhoak 
Pounds 
“1800 
25400 
40600 
60700 
80000 
92000 
389000 
1! 05000 
103000 
18000 
39000 
197000 
62000 


497000 


Observed Data 


Mixture 1-3-6 


HAge when tested 626days 


Cement-Universal 


Extens Breter Reade ngs 


NW. 
+0.0005 
Q.Q041 
0.0093 
0.0/80 
0.0272 
0.0352 
O.041S 
0.0490 
0.0560 
0.0610 
0.081S 
0.1035 
0.120S 
0.136 | 

0.1440 


O.1SOS 
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0.0033 
0.0068 
0.0136 
0.0225 
0.0309 
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0.0460 
0.0548 
0.0670 
0.080% 
0.0980 
0.1188 
0.1450 
0.1650 


0.1909 


SW, 
+0.0002 
0.0013 
0.0042 
0.0095 
0.01719 
O10 252 
0.0319 
0.0400 
0.0419 
0.0500 
0.012S 
0.0880 
0.1060 
0.1280 
0.1450 
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0.0!1ITS 
0.0299 
0.0318 
0.0440 
0.0SIS 
0.0S490 
0.0685 
0.0198 
0.0932 
0.106$S 
0.12SS 
0.1380 
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Unit Load 
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Ib./sq. inch. Deformation 


94.2 
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282 
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68! 
ThS 
730 
ats 
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616 
348 
43 
340 
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+0.00000 7 
0.000)S 
0.00032 
0.00088 
0.00097 
0.00128 
0.00154 
0.00186 
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0.00320 
0.00382 
0.004SI 
0.00S39 
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Column 80OTI 


G.auge Length bu SO unehes: 


6 Ft. 05 Uaches 


Cross-Section _ — [Zx«!Z-unches 


lboack 


Pounds 
10400 
26000 
50800 
14400 
89100 
106800 
“19200 
121000 
121800 
120 000 


89100 


Obs ervecL Data 


Mixture 


I-3-6 


At ge whentested 639 days 


Cement-Chicago AR 


Comp vied Data 


Extensomeler Readings Unitload Unit 


Aavie! | OLE 


-0.000S +0.0011-0.000S 


0.00)[ 0.0046 
0.0048 0.0099 
G70092, 0.0163 
0.0122 0.0200 
O:0149' 0.02719 
0.0220. 0.0352 
0.0271 0.0483 


O.O 381. 0.0573 


0.046% 9.0662 


0.0452 0,090 


SM. 


0.0022 
0.0010 
0.0120 
0.0I1IS9 
OLO 2S. 
G.O219 
0.0318 
0.0450 
O.OS29 


0.0810 


NE. Ib./sq.tnch Deformation 

ce) 72.2 +40,000001 
0.0014 1Sl 0.00009 
O.O0GS” 356 0.00028 
O.Otve SV 0.000449 
0.0162 G19 0.00064 
0.0220 142 0.00088 
0.028S 82% O0011% 
0.0402 S82) O10 OtSS 
0.0485 889 =0.0018 & 
0.0563 833- 0,00zZ22I 
0,0730 619 0,00304 
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Column 


Gouge length _._- 100inches 


Diameter 5 


Load 


Pounds 


8000 
20500 
40000 
60000 
80000 
}00000 
113400 


118000 


12.245 inches 


Observed Data 


ous 


Mixture 


o-0 


Sige when tested 646days 


Cement- Chicago AA 


Extensometer Readings 


NW, 
-0,0003 
0.0049 
0.0139 
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W Discussion 


| Method of Failure. She columns in general showed tuo distinct 
forms of Sorkune , i)- a forbunsr that Moy Le eolked diagonal 


shearing favunr,and 2)-a failure that may be TenmrieA | 


simple ESirprestton. mM the fiart eore the frockurr MOD 
ongilan or conrieal, having an appearance of dcagona) 
sheoning, Thetailurcd gensnadly uene suddenand without 
wrowrning So that in some of the teats the Urstruments usrere 
not removed Till atten foilure.Columnn Ibbfoikedin this 
et In the second form of foiluar the eofumn cracwed 
audibly for Some cistanee, The nacis Boing. 
co zasily Seen on the face af te column befor Me 
motimum Load wor tached. Column 8077 failed in this 
Urouy.. mM generalitanans fe said that fev both forms of failure 
the coma of the ublimate sheugths of the eolumn could 
he nofed From the IMNLOAL im Khe coke of Shortening 
as shown by Pas wodings ond My the shape of the Load - 
deformation Ai O.gWan. Qs to the place of foifure nothi 
Com be said definitely beeause Some of theedumns failed | 
ot the toi, some at the bolfom and Some in the middle, The 


shorhening in the oldew edumns uras segs (ee than me 
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the younger columns. Furthermore the Soil WAL Ln main of the richer 
Columns wor Cecenuparitcd by a Load apo, 

Stress DeSormation Diagram. She stress deformation dragram 
drawn for eachcalumn, eae eae the bsanved loads per uit 
Oven and the comerponding unit shoatenings. She odin ates 
tas the Loads in (Lounds par Squawinch inthe column and 
the abscissae the unit deformafion inside the gouge kemoath as 
Shown by the ottem Sowetor readings. There values one tamen 
from the Oenoge oF the veo.dings on Hx four fercor of Hee 
column .the amount of the deformation worealealated 
using ar the Zoro veading that at the Mitial load, Uhich 
varied frowr 1000 te 1000 pounds. 

Kind of Cement. She Kind of cement seems to hove a quat effecl 
upon the Strength ond the Modulus of the columns, As itt wt UL 
be Seen from TableY the Universal cement at equaleonditions aud 
ougt-s aived eae much Longer unit strzessomd tmittak 
modulus than the Seah Cement, except that for a 1-3-6 
wi turer at bIb6doys and al-2-4 nixchue between 60 ane 100 
nae a the Chicoge AA cement gives a Little highsy value than 
the Universal Cernent. This fact should be tayen inte consideration by 


the nrodeanr in the following cliscusstions. 


Richness. tableL is given the strength of all the columns of 1909 
test and alhbo of several columns tested in the years W0land 1908. 
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Concrete 
mixture 
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Round 


Square 


Found 


Square 


Stressin | initial Modulus 
of Elasticity 


Ib.pey sq-tn. t 
Ib. per Sq. cr. 


3.350.000 


2.500.Q00 

2.100.000 
4.200.000 
2.000.000 
4.300.000 
3.320.000 


| 2.566.000 


3.345.000 


3.132.000 


2.100.000 
1.340.000 


1.011.000 
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Nn rcorr of Strength urith inners oth proporion ef 
cement ib shoun qrophicatly Ana diagram on poge 60 for 14, 
60,100,365 and 99| clays , the wei ght of cement beivy Rear ae 


perent of the combined weight of sand and stone. 
Faow the following rrasoning it is evident that the ad- 
dition of cement will give om additional shegth qrroter thom He 
additional eost of motenriol. His eratwuoted that a 1-15-35 mictur 
aroutd cost 10 to lS pereent mou than a I-2-4 miixtune 
utile tHe Strength would Re inerratedl obeut ph pan cent. Jacing 
the stumgth of tre 60 cloy columns (breanse they hwo neowly ul 
qesent the actual Condition) if is found that He inerrsore 
strength of J-I-2 conevete oven He |-2-4 and 1-3-6 concrete one 
67. and 21S percent Vebpectively. She per eent ot MM CLOAL 
in shremeth of the I-l-2 connate oven the I-2-4eonevele ip buro 
and ons holt times ab nurch ag THR [pon cant cnneare Mm cod. 
Shape. ds sen from diagram on pages4 the vound columms 
have ahigher matimun unit strength than the square ones for all 
wirtures aud for Af ferrmt ouger oxen st that column 8066 of I-2-4 
nuttin at Hu ouge of 631 Hous hors a hight unit sirength How 
Lee Ber eponding round column. 
Age. Shs ulotion between thr age in days and Hu motinuwm 
Load in Pounds pew Sq.in. i& Shown graphically in Three curve on 
pages 54,55,56,onr for each of Hu following mirturer, I-12, 1-2-4 and 
“3-6. The age ido days is plotted ob abseissac and He masimun 
uit stress of roek estumin ob ordimater. Thr wsults Shrors 
Coubiderother umricotivon, ab is ko ke expected J dopid Urenease 
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66 || 
of starug th satel Oge nog Re moked up ko b0 Hous anda Sour 
chomge for Mu oh der eolunms. Those of fran comnete qoun strength 
more Slowly. Ho componison com Re wrods between He eoluuns and 
the eubor beeaure Me eubes of He sows wmristune ort age hove 
Oo higher Strength Mrom the columns. The anomut of nero, AW 
streugth op to 60 days over Hak of I4 hows ib G6 pen cent for I-I-2. 
nirtune; 83 per cent for I- 2-4 and Ol joer cent for 1-3-6. Thr average 
for ager above 60 days cannot be used for componinon on account 
of the difference of shape of He eetumins which hod bun muutioned 
above. hut individual exlunuds will he onred The following 
Tobe giver Hu motinum strug whtoiued foreach wrintinrt 
opposite Hr Boe peeding, Qe 

Mixture [YeorofManeldge in Days| steerer 


Strength 
th.pev sq: in, 


, this 
As asen in, Tob ke Huw (-2-4 wricture gives for Sous MOAeH a 


deencase im Me phhinote straca after SoS days and the I-3-6 


mixturar Gives adeneshe in matimum vumt stress after 60 Aoys. 
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67 
This to prsbokly Lue tothe variation in Hu qrolisy of He 
stone, to otter accidental vniiations,and LoeK of sufficient 
dofa om uUhich to base a conclusion. 

way i may he Said Jhdwrties the Bee enicitior bv. ov EOE 
ened. hy a Load W not prepertional to the Bom pa v253ive 
stress for a wide Longe ap Stresses. Jhew ane conridrrabhly 
diffrrmers in he unit Arformnotion for Hx Somme nrixture, 
bud generally Mr vonrcotion ir hrs for nich misrkunsts . 
Varro erurved howe hen proposed Ko Cepardent the strrss 
deformation arloLrorr uk At prrcSolo is Hit most satisfactory 
a cupasrtentation on Kable VI the aSaseissa ane. Hie 
ordinate of the vevtex of re pporakalo for the columns tested 
are given and alse cach stress-cloformalion diagno contains 
the vertex plotted inred iny. Ahwost oll te porrotolos foindy urekl 
eapness tue nelotion bturen stress and deformation espeeladly 
for mictunes of medium richness, The stess aeformnation disgrams 
for eetumns 8018, 801Sand 8029 show He close oguement of He 
observed stress-defonmation earve Oud Hun poraketic ulation, 
Modulus of Elasticity, Hu weomurg sf He Uital modulus 
of orlicity Pe ered THES tiwlaks 26 that tn quel ubeyand 
is defined im Buttin Ilo. 4 of the Unionacty of Jinois 

Expsriment Station, The OUvenroger of Me Wmikta® pro like 
of eee ty for conrimud aged aid mistures one gloen 
in Kobf{e Vi on poge 64, 

The initiod modulus ot lorkicity. sacuis Lo vary with | 
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68 
efarencr to age of Ae columns, merrohing up to 60 Lory 
in He sour woy as Ht nrorimane vnit stress, hut after 60 
hows TF dacraros. The table nelewred to shows thot Ae 
richer Mie concrete Me greoten Hie nrodulid at Loxskioits; 
if ib evideut therfore that ther addition of comudt gives 
a nh stiffer econeretc, 


